where: ε 0 is an electric constant (ε 0 = 8,85•10 -12 F/m); f is the frequency of electromagnetic oscillations, Hz; ε is dielectric permeability of the environment; tgd is tangent of the angle of losses; E is electric field strength in the environment, V/m.
Introduction (Heading 1)
Use of microwave technologies is one of the effective methods of getting concentrated and dried food products [1, 2] . The speed of food products heating, SHFconcentration and SHF-drying largely depends on frequency and strength of electromagnetic field according to the product's volume, its geometrical dimensions and dielectric permeability. To ensure effective work of SHF-generator in order to receive high quality product it is necessary to fix rational power levels with the account of changes in the electromagnetic field strength depending on the surface area of the product and its properties that specifies the depth of the electromagnetic field penetration, as well as the rate of heating and moisture transfer.
Specific heat power released from the product during SHF-heating depends, on one side from electric parameters of a field (current frequency and the square of voltage), on the other -on dielectric parameters of the product (the angle of dielectric losses and relative dielectric permeability), and is determined by the well-known formula [3] Substantiation of a Physical Model of Electromagnetic Field Interaction with a Food Product of an Arbitrary Form Potapov V.O., Mykhailov V.M., Mykhailova S.V., Borisova A.O.
f tg E 2 0 2 r f f d = (1) to the volume of a SHF-chamber. At the same time, division of the resulting field strength depends on dielectric properties of the product, its geometry and placement in a SHF-chamber. Therefore, taking the above-stated into account, it is impossible to determine E in formula (1) . There are some approximate methods of calculating density of the internal heat sources, among which the simplest and the most popular is the formula [3] a correct engineering calculation of technological regimes of the processes of heating, concentration, and drying. Kinetics of these processes is primarily determined by two related factors -electromagnetic field strength and density of internal heat sources, which appear due to the polarization in imperfect dielectrics, which most of food products are referred to [3] . At the same time, there are no correct equations allowing conduct engineering calculations helping to determine strength of electromagnetic field and density of internal heat sources during the microwave treatment of food products of an arbitrary form.
The goal of the research is to substantiate physical model of electromagnetic field interaction with the product of an arbitrary form placed in resonating SHF-chamber, and development of physically correct equations for engineering calculations of electromagnetic field strength and density of internal heat sources during the microwave treatment of food products of an arbitrary form.
The main tasks are to improve methods of the determination of electromagnetic field strength for the solution of practical tasks of SHF-heating of semi-finished food products, and formulation of mathematical model of internal heat sources power.
Presentation of the Material
At the first stage of the investigation that is connected with the improvement of the methods of determination of electromagnetic field strength, which is generated in a resonator SHF-chamber, and power of SHF-generator. We may use wellknown electro-dynamic equations presented in [7, 8] .
where: P is the power of SHF-generator, W; V is a product's volume, m 3 . During the calculation of ω in most cases this formula has a considerable error because it doesn't account dielectric properties of a product.
Different is the approach to the use of the equation (1) with the empiric dependence for the square of electromagnetic field strength Е 2 inside the product. Thus, in work [5] it is suggested to use the method of steady regime for the determination of dielectric and thermal-physical characteristics according to the law of internal heat sources distribution. This method suggests finding physical characteristics of a product by the kinetics of SHFheating of a product. In this case it is necessary to carry out the corresponding experiment in order to determine coefficients of the corresponding empiric dependence for E 2 . Somewhat simpler methods are proposed in the work [6] . Based on the experiments on the study of SHF-heating speed for the bodies of different geometrical shape, the following formula is proposed for an average density of the internal heat sources by the body's volume V
where: ω0, V0, n are determined by the experimental dependence of the product's heating speed on its volume. This formula quite correctly describes experimental data but contains unknown coefficients, which should each time be determined during the experiment.
Problem Definition in General
According to the presented information, an important problem of using microwave treatment is The density of electromagnetic field energy ωE, saved in a unit of the volume of the environment, is determined by the formula
Power density Pd (W/m 2 ) transferred by the electromagnetic wave in the environment is determined by the formula
where:
is the light velocity in the environment, m/sec; c is the light velocity in the vacuum H/m); µ is the magnetic permeability of the environment.
In a working volume of SHF-chamber electromagnetic wave is transferred practically with the light velocity in the vacuum because dielectric and magnetic permeability equals 1 (ε / =µ=1). That is why power density (5) If load of resonator SHF-chamber is optimal, i.e. correlated by the volume of the product and resonator (otherwise efficiency of the resonator is small and SHF-generator can break down), power density of electromagnetic wave on the line productfree volume of SHF-chamber can be determined as follows
Pd S P =
where: P is the power of SHF-generator, W; S is the surface area of the product, m 2 . It is possible to determine electromagnetic field strength on the surface of the product equalizing right parts of (5) and (6) E cS
The next step is to determine electromagnetic field strength, which appears in the very product because it differs from the intensity on the line product-environment of SHF-chamber due to dependence of the dissemination speed of electromagnetic wave on dielectric characteristics of the environments.
Under conditions of optimal loading of SHF-resonator all energy of electromagnetic wave is assimilated by the product, i.e. power density Pd of the electromagnetic wave doesn't change on the line product -SHF-chamber. On the grounds of (5) and (6) is the depth of electromagnetic field penetration into the product, m.
The coefficient of the wave attenuation a is an important factor in formula (12). Its meaning depends on the depth of the electromagnetic field permeability d, which, in its turn, depends on the complex of dielectric properties of a semi-finished food product and their changes in the process of heating and dehydration.
Therefore, power density, heating rate and moisture transfer are under the influence of the electromagnetic field strength by the volume of a semifinished food product together with the complex of its dielectric, and heat-and mass-exchanging characteristics. It becomes possible to determine electromagnetic field strength produced by the SHF-generator on the surface and internal layers of a food product during the solution of practical problems concerning SHF-heating of semi-finished food products with the predetermined thermal physical and dielectric properties on the basis of the proposed methods.
The received experimental data concerning the changes of dielectric properties of the mixture from crushed roots of spicy vegetables (parsley, parsnip, celery) and the depth of electromagnetic field penetration [9, 10] were used for checking the possibility of adapting the proposed methods for further solution of the problems of heat exchange in a working chamber of SHF-apparatus. The calculations allowed receive data for the construction of electromagnetic field strength dependencies on SHF-generator power and surface of the product on both surface and internal layers of the mixture under research (Fig. 1) . The presented dependencies demonstrate that electromagnetic field strength increases 2,45 times in all cases with the increase of SHF-generator power in the diapason from 500 W to 3000 W. At the same time it is worth noting that increase of strength (intensity) alongside with the raise of power is uneven. Thus, when the power changes from 500 W to 1000 W, electromagnetic field strength increases 1,41 times, from 1000 W to 1500 W -1,22 times, from 1500 W to 2000 W -1,15 times, from 2000 W to 2500 W -1,11 times, and from 2500 W to 3000 W -1,09 times.
Change of the electromagnetic field strength is proportional to the area of the product surface. Thus, with the area 50 cm 2 electromagnetic field strength is within the limits of 2450 … 5990 V/m, at the area 200 cm 2 -within 1220…3000 V/m. permeability of electromagnetic energy inside the product is followed by its reduction according to exponential dependence. Under the mentioned ranges of intensity on the surface of the product, at the depth of 0,06 m its value is within the limits 910…2220 V/m, 450…1100 V/m respectively.
Hence, by the example of calculations made for the mixtures from crushed roots of spicy vegetables it was determined that electromagnetic field strength can be regulated through the change of SHF-generator capacity and surface area of the product, which determine intensity of the interior heat sources, and, respectively, intensity of thermal and mass-exchange processes in order to achieve the predetermined quality of a ready product.
The next step of the work is the formulation of mathematical model of the internal heat sources intensity. Modeling of the internal heat sources intensity was carried out with the account of the electromagnetic energy absorption effect in a product from the surface to its center (Fig. 2) .
For this purpose let's note power balance for any internal layer of a product with the volume dV with the surface area SV.
The symbol «-» points that intensity of internal electromagnetic field Ei reduces due to its transformation to heat in the equation (13). 
On the basis of (1) and (5) with the account of light velocity in the environment we get
With the account of the expression for the depth of SHF-energy penetration into dielectric (d, м) [7] f tg
and on the basis (14) we receive the following differential equation
where: rV is current distance along the normal from the surface to the internal layer of a product dV. (1) with the account of (11) and (15) we receive a calculation formula to determine density of heat sources by the internal volume of the product during its SHF-treatment
The received formula coincides with the wellknown formula (19) for the calculation of the internal heat sources density that is usually presented like [1] ( ) x e x 0= d -but unlike (19) formula (18) contains the power level for the internal heat sources on the surface of the product , / ( ) P S 0 d = and this formula can be universally applied because it was received for an arbitrary form of the product, characteristic dimension of which is volume-to-surface rate (0≤rv≤V/s).
Reception of the calculation formula for an average intensity of the internal heat sources by the volume product is a very important practical matter because it is most frequently used in engineering calculations.
On the grounds of (18) for an average specific power of the internal heat sources we'll determine through integrating
where: RV=V/S is volume-to-surface rate, m.
If the received formula (20) is compared with the well-known approximation for the density of the internal heat sources (2), it coincides when Rv/d»1, i.e. only when the product volume is large. It is known that for the provision of SHF-heating evenness, dimensions of the product mustn't exceed SHF-energy penetration depth. That is why in these cases formula (2) may give error in calculations.
Experimental data from [6] were analyzed in order to check adequacy of the received equation (20). The power of the internal heat sources was determined in the experiments by the water heating rate in the containers of different geometrical shapes. They were placed in a microwave cooker with 15 l volume and power 500 W (Fig. 3) . Points on a curve denote experimental data, solid graph marks calculation by the formula (20) for each type of the container. Experimental checkout proved physical adequacy of the received equation.
Therefore, calculation formula for the determination of an average by the product's volume specific power of the internal heat sources during its SHFtreatment was received by means of mathematical modeling of the internal heat sources power with the account of the effect of electromagnetic energy absorption in the product from the surface to its center. The formula has universal application for the arbitrary form of the product, characteristic di- mension of which is volume-to-surface rate. 
Conclusions

It is proved that for the provision of effective work of SHF-generator it is necessary to specify rational power level with the account of changes in electro-
